Actinobacterial classification was originally based largely on morphological observation; it is not adequate in itself to differentiate between many genera, because some are so similar morphologically, but differ from their diagnostic chemical composition. In search of reliable classification methods reflecting phylogenetic relationships, at least to the genus level, it has been demonstrated that the analyses of chemotaxonomic markers fulfill these requirements. Chemotaxonomy of actinobacteria is concerned with the distribution of specific chemicals of the cell envelope such as amino acid, sugar, polar lipids, menaquinones, and fatty acid. For some coryneform genera of actinobacteria, analysis of mycolic acid composition is required specially. In this chapter, we will introduce the methods of chemotaxonomy including the extraction, fractionation, purification, and analysis of the target compounds.
Introduction
Chemotaxonomy is the study of the chemical variation in microbial cell and the use of chemical characteristics in the classification and identification of bacteria including actinobacteria. In search of reliable classification methods reflecting phylogenetic relationships, it has been demonstrated that the analyses of chemotaxonomic markers fulfill these requirements [1] . Therefore, chemotaxonomy is an essential tool in the modern classification of bacteria; it has been recommended in a polyphasic approach to apply to the species, genus, and higher taxa level [2, 3] . Chemotaxonomy of actinobacteria is concerned with the distribution of specific chemicals of the actinobacteria cell envelope such as amino acid, sugar, polar lipids, menaquinones, mycolic acid, and fatty acid (Table 1) by using chemical techniques, including the extraction, fractionation, purification, and resolution of the target compounds [4] . cell, described by Hasegawa et al. [14] with the solvent system of thin-layer chromatography [12] , is quite suitable for separation of diaminoacids (Table 2 and Figure 2 ). However, for analysis of the amino acid in the peptide chains or inter-peptide bridge of the peptidoglycan, the cell wall extraction is required. Detailed cell wall extraction was described by Schleifer and Hancock [16, 17] . Here, we describe a method of cell wall extraction cited from the library of Yunnan Institution of Microbiology, Yunnan University (YIM) ( Table 3) . 1 . A loop of cell mass is added into an ampule, add 0.2 ml of 6 N HCl into the ampule, seal and sand bath to hydrolyze for 16 h at 121 ο C.
Extraction of whole cell amino acid
2. Spot 1 µl to the bottom of a 10 × 20 cm of thin-layer plate coated with cellulose.
3. Spot 1 µl of 0.01 M DL-A 2 pm containing both LL-and meso-A 2 pm on the same plate as a standard. 4 . Develop with methanol-water-6 N HCl-pyridine (80:26:4:10, v/v) for 3 h and dry the plates in a fume cupboard.
5. Repeat the fourth step once. 6 . Spray the plate very lightly with 0.4% of ninhydrin and heated at 100 ο C for 2 min to reveal the spots; amino acids are shown as pink spots. Table 2 . Method of extraction and analysis of whole cell amino acids (modified from [12, 14] 
Preparation of cell wall amino acid
1. Add 1 g of freshly harvested or 0.3 g lyophilized cell mass into 10 ml screw cap test tube; add 1.5 ml of 1 % NaCl (w/v) into the test tube, mix , cap tightly, and stand for 10 min.
2. Add 7 ml of 0.05 mol/l PBS (pH7.6) into the test tube; sonicate for 40 min to lysis the cells (46 w, treatment 5 sec and standing 8 sec, total 40 min).
3. Centrifugate for 15 min at 4,000 rpm; remove the supernatant into a new 10 ml screw cap test tube and discard the precipitate.
4. Centrifugate for 40 min at 12,000 rpm, remove, and discard the supernatant.
5. Add 1 ml of 4 % SDS into the test tube containing precipitate, boiling water bath for 15 min or at room temperature overnight, centrifugate for 30 min at 12,000 rpm, and discard the supernatant.
6. Add 1 ml deionized distilled water, mix and centrifugate for 30 min at 12,000 rpm, and discard supernatant. The addition of deionized distilled water is repeated once. Filter the mixture solution by using 0.45 µm fiber membrane, place the filtered solution into the sample bottle for detecting the amino acid composition by HPLC. Table 3 . Preparation method of cell wall amino acid
Detection of cell wall amino acid
Amino acids in cell wall hydrolysates were analyzed by precolumn derivatization with ophthalaldehyde (OPA): ten amino acids standards (10 ml, 0.2 mM) and 10 ml hydrolyzed purified cell wall were dissolved in 0.1 M (30 ml) borax buffer, and 10 ml OPA was added and allowed to react for 50 sec at room temperature and analyzed by high-performance liquid chromatography (HPLC). The elution time of 10 amino acids standards by HPLC is shown in Figure 3 .
High-performance liquid chromatography (HPLC):
Agilent 1100, HPLC system equipped with an Agilent four-unit pump, a 7125 injector, a G1314A UV detector The presented method of cell wall amino acids analysis by HPLC will not separate well the LL-, meso-, and dd-A 2 pm. So, analysis of the cell wall type of actinobacteria to the genus level requires a combination of HPLC and TLC.
Sugar of whole cell hydrolytes
For the classification and identification of actinobacteria, the analysis of sugars from whole cells is needed [10, 11, [19] [20] [21] [22] [23] . For discrimination of meso-diaminopimelic acid containing actinomycetes, five whole cell sugar patterns have been recognized [24] , based on the presence of distinct sugars (A: arabinose and galactose; B: madurose; C: no diagnostic sugars; D: arabinose and xylose; E: rhamnose). The combination of the characteristic diaminoacid and some amino acids used cell wall sugars to describe eight wall chemotypes to distinguish actinomycetes [13] (Table 4) . Table 4 . Chemotypes of cell wall [13] The analysis of diaminoacids and sugars from whole cell preparations is less time-consuming and often allows an allocation to the correct wall chemotype, but the resulting pattern may be contaminated by non-peptidoglycan-linked saccharides from the cytoplasm, capsules, or slimes. Different methods have been described for whole cell preparations [14, 19, 25] , cell wall preparations [9, 26, 27] , as well as analysis of sugars [12, 27, 28] .
As the methods used to prepare whole cell extracts are similar, the procedure of extraction and analysis of whole cell sugar reported by Hasegawa et al. [14] are briefly described. Although the procedure from Staneck and Roberts [12] for thin-layer chromatography of diagnostic sugar on cellulose plates works reasonably well, it is not able to separate the mannose and arabinose. We described a modified method by changing the developed solvent to separate the mannose and arabinose (Table 5 and Figure 4 ). 5. Repeat the fourth step once.
6. Spray the plate very lightly with acid aniline phthalate and heated at 100 ο C for 4 min to reveal the spots. Table 5 . Extraction and analysis of whole cell sugars (modified from [12, 14] )
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Besides the procedure of TLC [12, 14] , a better procedure to analyze whole cell sugars has been described in our laboratory [18] . It described a method to extract sugars of whole cell and a procedure for preparation of sugar sample for HPLC analysis (Table 6 ). 4. After vigorous shaking and centrifugation, the organic phase was carefully discarded to remove the excess reagents.
5. The extraction process was repeated three times, using chloroform instead of isoamyl acetate for the third process; the aqueous layer was then collected and 10 ml was taken for HPLC analysis. Table 6 . Method for extraction and preparation of whole cell sugar [14, 29] 
Analysis of sugar of whole cell hydrolytes
The sugar of whole cell hydrolytes was analyzed by high-performance liquid chromatography (HPLC). The elution time of nine sugar standards by HPLC is shown in Figure 5 .
Agilent 1100, HPLC system equipped with an Agilent four-unit pump, a 7125 injector, a G1314A UV detector 
Polar lipids
Polar lipids are important components of bacterial plasma membranes. Bacterial plasma membranes are composed of amphipathic polar lipids associated with specific membrane proteins. Amphipathic polar lipids consist of hydrophilic head groups usually linked to two hydrophobic fatty acid chains. Phospholipids are the most common polar lipids, including phosphatidyglycerol, diphosphatidyglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidyliositol, and other phosphatidylglycolipids. In addi-tion, glycolipids and acylated ornithine or lysine amides also fall into this category. For the description and differentiation of actinobacteria, five phospholipid types (PI-PV) have been recognized (Table 7 ) [30, 31] . Table 7 . Phospholipid types according to Lechevalier et al. [31] In taxonomic studies, polar lipids have largely been analyzed by one-or two-dimensional thinlayer chromatography.
Phospholipid types

Extraction of polar lipids
The classic method of polar lipid extraction [13] is a time-consuming process taking at least 13 days from start to finish. Subsequently, more rapid procedures have been proposed by Minnikin et al. and Tindall [32, 33] . This utilizes a monophasic methanol for polar lipids extraction; the addition of more chloroform and water forces a phase separation. The lower, mainly chloroform, layer contains the polar lipids, whereas non-lipid components remain in the upper aqueous phase. Minnikin et al. [34] introduced a modified procedure, in which an initial extraction with hexane removes non-polar components such as isoprenoid quinones; in this way menaquinones and polar lipids can be extracted from a single sample of biomass. In this section, a modified procedure for polar lipids extraction is described (Table 8 ).
1. Place approximately 100~200mg of dried cell mass into a 50 ml tube with Teflon-lined screw cap.
2. Add 2 ml of 0.85% aqueous NaCl, followed by 15 ml methanol.
3. Heat for 10 min at 100 ο C in a boiling bath and cool to room temperature.
4. Add 10 ml chloroform and 6 ml 0.85% aqueous NaCl , then shake for 10 min.
5. Centrifuge at 8,000 rpm for 10 min, collect the lower layer.
6. The lower layer in a flask is evaporated to dryness under reduced pressure at 40 ο C on a rotary evaporator. 
Two-dimensional thin-layer chromatography
Separation of the mixture of polar lipids is performed by two-dimensional TLC (Table 9) on silica gel GF254 plate. 
Identification of polar lipid component
Identification of the various lipids is carried out by comparison of their R f values in the plates and staining behavior (Table 10 ) with references.
Molybdophosphoric acid for total lipids [36]
1. Dissolve 10% (w/v) molybdophosphoric acid in 95% (v/v) ethanol.
2. Spray the TLC plate and heat at 150 ο C for at least 10 min. Lipids show as dark spots on a light-green background.
Ninhydrin reagent for lipids containing free amino groups (modified by Consden and Gordon, [37])
1. Dissolve ninhydrin (0.1%, w/v) in acetone.
2. Spray plate and heat at 100 ο C for 5 min to reveal lipids which contain amino groups as pink spots. Mark the pink spots with a soft pencil to prevent them from fading on storage.
3. The same plate can be used for the detection of lipid phosphorus using molybdenum reagent α-Naphthol reagent for containing sugar groups [38] 1. Dissolve 15 g α-naphthol in 100 ml 95% (v/v) ethanol.
2. Mix 10.5 ml of this solution with 6.5 ml H 2 SO 4 , 40.5 ml ethanol, and 4 ml water to make a working solution.
3. Spray the plate lightly and heat a 100 ο C for 10 min. Glycolipids appear as purple-brown or brown spot.
Dragendorff reagent for lipids containing quaternary nitrogen groups
1. Add bismuth nitrate (1.7 g) to 100 ml of 20 % acetic acid (solution A).
2. Add potassium iodide (40 g) to 100 ml water (solution B).
3. Mix solution A (3.5 ml) and solution B (5 ml) with acetic acid (20 ml) and water (50 ml) to make a working solution.
4. Spray the plate lightly at room temperature; lipids containing quaternary nitrogen shown as orange-red spots. Mark the orange-red spots with a soft pencil to prevent them from fading on storage.
5. The same plate can be used for the detection of lipid phosphorus using molybdenum reagent.
Zinzadze reagent for phosphorus-containing lipids [39]
1. Add molybdenum trioxide (40.11 g) to 1 L of 25 N H 2 SO 4 and boil gently in a fume cupboard until all the residue dissolves (solution A).
2. Add powdered molybdenum (1.78 g) to 500 ml of solution A, and boil the mixture gently for 15 min and leave a cool (solution B).
3. Mix equal volumes of solutions A and B and dilute with two volumes of distilled water to make a working solution.
4. Spray the plate very lightly at room temperature, lipids containing phosphorus shown as blue spots. 
Menaquinones
Respiratory isoprenoid quinones are constituents of the bacterial cytoplasmic membrane as well as the mitochondrial membrane where they play an important role in the electron transport chain. The potential of analyzing the quinone system for the characterization of bacteria is based on the different types of quinones (e.g., ubiquinones, menaquinones and their derivatives dihydromenaquinone, demethylmenaquinone, and rhodoquinone), the length of isoprenoid side chain, and the number of saturated isoprenoid units. To date, menaquinones are the only type of respiratory isoprenoid quinones found in actinobacteria, and the variations in the number of isoprene units and hydrogenated double bonds make these membrane constituents of considerable chemotaxonomic value [40] .
Extraction and purification of menaquinones
Menaquinones are free lipids that can be readily extracted from freeze-dried cells. Different methods have been described for the extraction of menaquinones [13, 33, 34, 41] . Menaquinones are normally extracted with organic solvents or with their mixture such as acetone, chloroform, and hexane (Table 11 ). However, they are susceptible to strong acid or alkaline, and photo-oxidation in the presence of oxygen and strong light conditions. But it is not necessary to work in a nitrogen atmosphere or dim light [42] . The menaquinones in these extracts are purified by preparative thin-layer chromatography (TLC), and analysis is then performed by HPLC. 2. The cell/solvent mixture is passed through filter paper to remove cell debris.
3. The eluate is collected in a flask and evaporated to dryness under reduced pressure at 40 ο C on a rotary evaporator. Table 11 . Extraction of menaquinones (from Collins et al. [43, 44] ).
The menaquinones can be readily purified from extracts by thin-layer chromatographic procedures using silica gel with hexane-diethylether as the developing solvent [43, 44] . Purified menaquinones are revealed by using UV light at 254 nm. In this section, we describe a new developing solvent to purify the menaquinones (Table 12 ).
1. Dissolve the dried menaquinones in 800 µl of acetone.
2. Apply extract (with 200 µl pipette) as a uniform streak (5 cm long) to a silica gel F254 sheet.
3. Develop the plate in methylbenzene, developing time ~20 min.
4. Allow plate to dry in a fume cupboard (~5 min), view menaquinones by brief irradiation with ultraviolet light at 254 nm. The menaquinones appear as dark-brown/purple bands on a green fluorescent background, R f ~0.7.
5. Scrape gel containing menaquinones from the plate with spatula, dissolve scraped gel in 500 µl of methanol and elute through syringe and 0.45 µm filter membrane. 
High-Performance Liquid Chromatography (HPLC) analyzing the menaquinone component
TLC techniques generate only qualitative data. In contrast, high-performance liquid chromatography can be used to generate quantitative data. The resolving power and sensitivity of HPLC are also superior to that of thin-layer chromatographic techniques. The purified menaquinones are rapidly analyzed by reverse-phase high-performance liquid chromatography (rpHPLC) [41, 45] .
Menaquinones series is analyzed by HPLC with a UV detector, a C18 column, and an online computer integrator. A large number of different mobile phases have been described [44, 45, 46] . Here, we prefer methanol/isopropanol mixtures ( 
Mycolic acid
Mycolic acids are high molecular-weight long-chain (up to 90 carbon atoms) 2-alkyl 3-hydroxy fatty acids found in representative of Corynebacterium, Dietzia, Gordona, Myobacterium, Nocardia, Rhodococcus, Turicella, and Tsukumurellu [47] [48] [49] [50] [51] [52] [53] . For the extraction and analysis of mycolic acids, different methods have been described based on TLC, GC, or HPLC [54] [55] [56] [57] [58] [59] .
Extraction of mycolic acids from whole cell
In this section, we describe the extraction and analysis of mycolic acids based on TLC [55] .
1.
Add 50-100 mg freeze-drying cells into a clean, dry test tube.
2. Add 3 ml mixture solvent of methanol, toluene, and conc. sulfuric acid (30:15:1) into the test tube and tightly seal the test tube.
3.
Place the test tubes into a water bath at 75°C overnight or 16-18 h.
4.
Cool the test tube down to room temperature and add of 2 ml petroleum ether (b.p. 60-80), the mixture is shaken and centrifuged for 10 min at low speed (3,000 rpm), collect the upper solvent phase.
5.
Prepare a small column of ammonium hydrogen carbonate and prewash the small column with diethyl ether.
6.
Pipette the upper solvent phase into a small column (ca. 1 cm) of ammonium hydrogen carbonate and collect the eluent in a small eppendorf tube (5 ml), then wash the small column again with diethyl ether.
7.
Combine the washed eluent and evaporate to dryness under reduced pressure at 40 ο C on a rotary evaporator.
Analysis of mycolic acids from whole cell
The mycolic acids of whole cells were analyzed according to the described by Minnikin et al. [55] . The evaluation of the presence of mycolic acid is only advisable, if other results (e.g., coryneform morphology) allocate the isolate to be identified to the group of coryneform bacteria, but the detection of mycolic acids strongly reduces the number of possible relatives. Further identification to the genus level is often possible by additional application of a few of the other described chemotaxonomic methods (quinones, fatty acids, polar lipids, and/or sugars).
Fatty acids
Fatty acid profiles analysis is well introduced for chemotaxonomy of bacteria. Fatty acids most commonly found in the cytoplasmic membrane and lipopolysaccharides of the outer membrane of Gram-negative bacteria as well as lipoteichoic acids in Gram-positive bacteria are relatively simple in structure and possess between 8 and 20 carbon atoms. The variation of carbon chain length, presence of saturated and unsaturated, occurrence of methyl groups fatty acids (iso-, anteiso-, and methylated within the molecule), occurrence of cyclopropane fatty acid (cyclo 17:0, cyclo 19:0), and occurrence of hydroxyl-fatty acid with an OH-group at position 2 or 3 of the molecule all have a taxonomic utility.
Commonly, different bacteria can have different fatty acids. Some fatty acids have a restricted distribution and may be diagnostic for particular groups. Branched fatty acids of the iso and/ or anteiso type are important constituents of the Flavobacterium/Cytophaga/Bacteroides [60] [61] [62] . Cyclohexyl and cycloheptyl fatty acids are characteristic components of some acidothermophilic bacilli [63] [64] [65] . Cyclopropane fatty acids are often found in Campylobacter and Lactobacillus [66] [67] [68] . 10-Methyloctadecanoic acid and its homologs distribute in many actinomycetes [46, 69] .
As the fatty acid composition of bacteria is dependent on the growth phase, temperature, and growth medium, preparing the biomass for analysis of the fatty acids should be taken to ensure that bacteria are grown under standardized conditions. The extraction of fatty acids can be performed with biomass (approximately 40 mg wet weight harvested from agar plates). For most actinomycetes, the reader can select the trypticase soy agar as the growth medium, but for the actinomycetes from extreme environment, the reader should select the optimum growth medium, as well as the possible media should omit material containing fatty acids, such as Tweens and serum.
Methods for analyzing fatty acids
Different methods have been described involving acid or base [55, 62, [70] [71] [72] . In taxonomic studies, it is important to use a consistent method. Here, we introduce a method for preparation of fatty acid methyl esters from whole wet cell material, which is developed by Sasser [73] .
Preparation of reagents
Four reagents are required to liberate, esterify, and extract the fatty acids from living cells.
Reagent 1 Saponification Reagent
Sodium hydroxide (Certified ACS) 45 g Methanol (reagent Grade) 150 ml Deionized distilled water 150 ml Add water and methanol to NaOH pellets in bottle. Stir until NaOH pellets have dissolved. Methyl-tert-Butyl-ether is extremely flammable. Extinguish all flames and heat sources before use.
Reagent 2 Methylation Reagent
Handle in a chemical fume hood.
Extraction of fatty acids.
Five steps involved in extraction of fatty acids from biomass [73] (see Figure 6 ): 
5.
Base wash: aqueous wash of the organic extract prior to chromatographic analysis. Add 3 ml of reagent 4 to each tube, cap each tube tightly and rotate tubes end-over for 5 min. centrifugate for 3 min at 2,000 rpm. Remove the 2/3 of upper solvent phase and place into a GC sample bottle as the sample for detected of fatty acid profiles on the gas chromatograph. 
Warning:
In the methylation step, excess time or excess temperature of the water bath can degrade some fatty acids.
Identification of fatty acids
For identification of the fatty acid profiles at the species level, integrated system, including a gas chromatography apparatus with identification software (the Sherlock Microbial Identification System) are required.
Gas chromatographic conditions 
Gas chromatography of fatty acids
In general, >5% of fatty acids as "major fatty acid" should be recorded. Fatty acid component of strain YIM 47672 analyzed with gas chromatography, as an example, is showed in Table  13 and Figure 7 . 
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